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The	 motors	 were	 tested	 in	 laboratory	 in	 different	 operational	 conditions;	 with	 different	














































































































































The	most	well-known	 and	 popular	motor	 in	 industrial	 environment	 is	 the	 three-phase	
induction	motor.	 The	 principal	 behind	 the	 induction	motor,	 also	 known	 as	 alternative	
current	motor,	 functioning	 is	the	same	as	the	generator	of	the	alternative	current,	 i.e.,	
electromagnetic	induction.	Since	the	working	principle	of	these	two	machines	is	the	one	





that	 the	 motor	 produces	 can	 be	 considered	 non-existent	 compared	 to	 what	 is	 being	
supplied	to	other	equipment	by	the	network.	The	problem	begins	when	there	is	a	power	
cut	and	the	motor’s	operation	is	interrupted.	Now	the	current	that	is	being	produced	by	





























Later	 on,	 the	 results	 gathered	 during	 the	 lab	 experiments	 will	 be	 compared	 with	 the	



















outermost	 part	 of	 the	 induction	 motor.	 It	 houses	 the	 junction	 box	 where	 cables	 are	
connected	 that	 provide	 electric	 current	 to	 the	motor.	 It	 acts	 as	 a	 protection	 from	any	
























squirrel	 cage	 windings	 are	 known	 as	 squirrel	 cage	 induction	 motor.	 The	 ones	 with	
conventional	windings	are	known	as	wound	motors.	The	latter	is	also	known	as	slip	ring	






The	 current	 enters	 through	 the	 junction	 box	 in	 the	 stator	 windings.	 When	 it	 starts	






















phase	 representation	 for	 the	 sake	 of	 simplicity.	 For	 that	 reason,	 when	 using	 this	





























The	current	 that	enters	 through	 stator	 (I1)	 is	divided	 into	 two	currents,	one	 that	 flows	
through	 rotor	 (I2’)	 and	 another	 one	 that	 flows	 through	 magnetizing	 branch	 (I0).	 The	





The	magnetizing	branch	 is	not	a	physical	 component	of	 the	 induction	motor.	Rather	 it	
represents	the	impedance	that	is	imposed	by	the	core	of	the	stator.	The	current	that	flows	












																																																				Rr’		+		Rr’	('()) )	=	Rr’		+		Rr’(') − 1)	=	Rr’/s	 (2.1)	
	Rr’	('()) )	=	Resistance	that	represents	mechanical	load	on	the	induction	motor.	
	










































For	 the	purpose	of	 this	dissertation,	parameters	of	 two	different	 induction	motors	are	
determined.	One	 is	 a	 squirrel	 cage	 induction	motor	and	another	one	 is	 a	wound	 rotor	
motor.	The	very	first	step	towards	the	characterization	is	to	collect	the	rated	values	of	the	














































































And	again,	 voltage	 (V0),	 intensity	 (I0),	power	 (P0)	and	 fp	are	measured	using	 the	 same	
equipment.	These	readings	are	used	to	estimate	the	power	losses	in	the	motor,	namely,	
mechanical,	 core	and	copper	 losses.	The	power	 (P0)	 that	 is	 consumed	by	 the	motor	 is	
divided	as	following:		














V0	(V)	 P0	(W)	 V0	(V)	 P0	(W)	
101,7	 42,4	 100	 70,2	
125	 52,1	 125	 83,05	
150	 66,7	 150	 92,45	
175,4	 76,7	 175	 100,73	
200,4	 96,5	 200	 109,1	
219	 143,4	 230	 128	


































small	 variation	of	 speed	 in	no-load	and	 full-load	conditions	 the	Pm	can	be	considered	
constant	in	every	operational	condition.	There	is	only	one	parameter	left	to	determine	
and	 that	 is	 Xm.	 To	 calculate	 the	 Xm	 of	 magnetizing	 branch	 following	 formulas	 are	
employed:	
















































































The	 no-load	 and	 the	 blocked	 rotor	 test	 will	 be	 simulated	 in	 this	 circuit	 with	 the	




















	 Measured	 Simulated	 Measured	 Simulated	
V0	(V)	 219	 219	 230	 230	
I0	(A)	 2.65	 2.62	 1.926	 1.817	
P0	(W)	 143.1	 182.1	 128	 127.4	
Q0	(VAr)	 994.7	 981.5	 756.4	 712.4	
S0	(VA)	 1005	 998.25	 767	 723.7	




VRB	(V)	 116.8	 116.8	 45.4	 45.4	
IRB	(A)	 4.81	 4.95	 2.5	 2.55	
PRB	(W)	 870	 887.2	 146.4	 148.5	
QRB	(VAr)	 430	 456.4	 131.3	 134.8	
SRB	(VA)	 960	 997.7	 196.6	 200.56	




	 Calculated	 Simulated	 Calculated	 Simulated	
Re	 9.5	 8.5	 6.68	 6.2	
ZRB	 12.6	+	j6.1	 12.6	+	j6.1	 7.76	+	j7.05	 7.76	+	j7.05	
Z0	 6.7	+	j47.45	 8.73	+	j47.68	 11.72	+	j67.94	 12.86	+	j71.94	
Rr’	 3.1/s	 4.1/s	 1.08/s	 1.56/s	
Xe	=	Xr’	 j3.05	 3.05	 j3.525	 3.525	
Xm	 j44.4	 J44.6	 J64.42	 J69.11	
Ze	 9.5	+	j3.05	 8.5	+	j3.05	 6.68	+	j3.525	 6.2	+	j3.525	






These	 obtained	 values	 of	 impedances	 will	 be	 later	 used	 in	 the	Matlab	 simulation	 to	
validate	the	results	obtained	in	the	tests.	More	specifically,	they	must	be	introduced	in	
the	block	of	motor	so	that	it	can	simulate	the	motor’s	behaviour.	




















achieved	 by	 connecting	 a	 mechanical	 brake	 with	 variable	 resistant	 torque	 to	 the	
motor.	 The	 torque	 that	 applies	 this	 brake	 can	 be	 controlled	 from	 a	 dedicated	
switchboard.	 
	
2) Other	 than	 the	 load	 that	 varies,	 there	 is	 also	 two	 different	 type	 of	 connections	
possible,	WYE	and	D.	Most	of	the	times,	the	nominal	voltage	of	any	given	grid	is	fixed	
since	 every	 security	 element	 and	 other	 elements	 are	 installed	 for	 one	 particular	














(kW)	 which	 is	 the	 active	 power.	 But	




units	VAr	and	VA	respectively.	The	relation	between	three	is	shown	below. 	 P	=	V*I*cosj	 	 (3.1)	Q	=	V*I*sinj	 	 (3.2)	S	=	V*I	 	 (3.3)	S	=	 (PH + QH)		 (3.4)	
j	=	The	power	factor.		
	
The	 active	 power	 is	 the	 responsible	 for	 creating	 the	 output	 power.	 However,	 the	
power	consumed	by	the	machine	is	the	apparent	power.	The	reactive	power,	in	the	
case	of	motors,	is	inductive	and	it	is	used	for	creating	the	magnetic	field.	The	power	
factor	 shows	 the	 relation	 between	 S	 and	 P,	 the	 smaller	 the	 angle	 smaller	 is	 the	
difference	between	both	powers.	
	
The	bigger	 is	 reactive	power	bigger	 is	 the	apparent	power,	even	though,	 the	active	





Very	 often,	 industrial	 installations	 have	 capacitor	 banks	 to	 minimize	 the	 reactive	
power	consumption.	Since,	motors	consume	inductive	reactive	power,	the	capacitor	




different	 operational	 conditions.	 That’s	 why,	 tests	 will	 be	 done	 with	 different	 load	



















































connected	 to	 one	 of	 the	 phases.	 The	 probe	 of	 oscilloscope	 connects	 in	 one	 of	 the	
terminals	of	junction	box.		
	











The	 connection	 is	 via	 Ethernet.	 The	 readings	 and	much	more	 is	 visualized	 using	 a	
specialized	software.	This	software	is	made	by	the	same	company	as	the	analyser	and	
is	 called	 Datawatch	 Pro.	 Once	 the	 software	 is	 installed,	 the	 analyser	 is	 simply	
connected	to	the	computer	using	RJ45	cable	and	is	configured	as	per	instructions.	
	
Every	 reading	 taken	 by	 the	 analyser	 can	 be	 visualized	 on	 a	 computer	 in	 a	 form	 of	














































That	 is	 why,	 the	 mentioned	 phenomena	 did	 not	 appear	 on	 screen	 because	 they	
happened	in	a	matter	of	milliseconds	(ms).	
	















each	 other	 electrically	 in	 different	 forms.	 There	 are	 various	 possible	 configurations	
























All	 these	 combinations	 offer	 different	 equivalent	 impedance	 that	 is	 perceived	 by	 the	
electric	grid.	The	first	step	towards	finding	the	equivalent	impedance	circuit	is	to	know	









• If	 the	 capacitor	 bank	 is	 not	 connected	 to	 the	 grid,	 then	 the	 equivalent	impedance	will	belong	to	one	of	the	cases	mentioned	above.		
• If	the	capacitor	bank	is	connected	in	WYE,	then	impedances	of	the	motor	and	the	capacitor	bank	are	summed	as	in	any	other	parallel	RLC	circuit.		 Zt	=	qr∗qsqrtqs	 (3.6)		If	not,	then	the	impedance	of	capacitor	bank	in	D	must	be	converted	into	its	equivalent	impedance	in	WYE	using	the	following	formula.			 Z	D-Y	=	qs^HE∗qs	 (3.7)		














Test	no.		 Motor	 MC	 CB	 Brake	(N.m)	
1	 1	 WYE	 No	 No	
2	 1	 WYE	 No	 0	
3	 1	 WYE	 No	 2	
4	 1	 WYE	 WYE	 No	
5	 1	 WYE	 D	 No	
6	 1	 WYE	 WYE	 0	
7	 1	 WYE	 D	 0	
8	 1	 WYE	 WYE	 2	
9	 1	 WYE	 D	 2	
10	 1	 D	 WYE	 No	
11	 1	 D	 D	 No	
12	 1	 D	 WYE	 0	
13	 1	 D	 D	 0	
14	 1	 D	 WYE	 2	
15	 1	 D	 D	 2	
16	 1	 D	 D	 4,2	
17	 2	 D	 No	 No	
18	 2	 D	 No	 0	
19	 2	 D	 No	 2	
20	 2	 D	 WYE	 No	
		
33	
21	 2	 D	 D	 No	
22	 2	 D	 WYE	 0	
23	 2	 D	 D	 0	
24	 2	 D	 WYE	 2	
25	 2	 D	 D	 2	
26	 2	 WYE	 No	 No		
27	 2	 WYE	 No	 0	
28	 2	 WYE	 No	 2	
29	 2	 WYE	 WYE	 No	
30	 2	 WYE	 D	 No	
31	 2	 WYE	 WYE	 0	
32	 2	 WYE	 D	 0	
33	 2	 WYE	 WYE	 2	



































































as	 the	 induction	motors.	This	phenomenon	 is	dubbed	as	 transient	 response	of	second	
order	system.	This	 transient	 response	can	be	studied	with	 formulas.	Theoretically,	 the	
same	method	can	be	employed	to	study	the	transient	waveform	produced	by	the	motor.	
	 vc	(t)=	2*úA1ú*e-at*cos(wdt	+	/	A1)		,		t	>	0	 (3.8)		
















The	R,	L	and	C	are,	 respectively,	 resistance,	 inductance	of	 inductor	and	capacitance	of	
capacitor.	 The	 value	 of	 A1,	 which	 is	 a	 complex	 number,	 is	 obtained	 by	 solving	 the	
following	matrix	operation.	










This	 formula-based	 analysis	 can	 be	 used	 to	 validate	 the	 results	 of	 real-world	 tests.	
However,	in	the	case	of	induction	motors,	the	phenomenon	of	overvoltage	occurs	at	t	=	
0.	This	formula	is	useful	when	the	time	is	greater	than	0.	Also	the	product	of	A1	and	2	is	





The	 next	 step	 in	 formula-based	 analysis	 of	 motor	 is	 to	 analyse	 its	 behaviour	 during	
acceleration	 and	 deceleration.	 Since	 the	 transient	 voltage	 is	 produced	 during	 the	
deceleration.	This	analysis	commences	with	the	following	formula:	
	









































	 	 	 	
	
Test	no.	 Motor	 Vp	(V)	 RPM	 I	(A)	 Vm	(V)	 t	(ms)	 Overvoltage	 Transient	waveform	
1	 1	 179,65	 1450	 0,66	 124	 482	 No	
	
2	 1	 179,65	 1425	 1,53	 122	 334	 No	
	
3	 1	 179,65	 1050	 3,85	 90	 158	 No	
	




5	 1	 179,65	 1450	 0,63	 228	 1060	 Yes	
	
6	 1	 179,65	 1425	 0,5	 148	 434	 No	
	
7	 1	 179,65	 1425	 0,7	 200	 432	 Yes	
	




9	 1	 179,65	 1350	 1,35	 148	 170	 No	
	
10	 1	 311,17	 1450	 2,6	 148	 519	 No	
	
11	 1	 311,17	 1450	 1,7	 140	 990	 No	
	




13	 1	 311,17	 1425	 1,7	 140	 508	 No	
	
14	 1	 311,17	 1425	 2,82	 176	 162	 No	
	
15	 1	 311,17	 1350	 2,2	 134	 252	 No	
	




17	 2	 311,17	 1450	 2	 150	 180	 No	
	
18	 2	 311,17	 1440	 2,2	 144	 164	 No	
	
19	 2	 311,17	 1350	 2,5	 148	 144	 No	
	




21	 2	 311,17	 1450	 0,85	 164	 400	 No	
	
22	 2	 311,17	 1440	 1,65	 180	 216	 No	
	
23	 2	 311,17	 1440	 0,9	 156	 286	 No	
	




25	 2	 311,17	 1375	 1,55	 138	 190	 No	
	
26	 2	 179,65	 1440	 0,6	 144	 300	 No	
	
27	 2	 179,65	 1360	 0,75	 168	 150	 No	
	




29	 2	 179,65	 1440	 0,3	 158	 552	 No	
	
30	 2	 179,65	 1440	 0,7	 296	 600	 Yes	
	
31	 2	 179,65	 1240	 1,2	 112	 175	 No	
	



















33	 2	 179,65	 1150	 1,4	 132	 156	 No	
	
34	 2	 179,65	 1120	 1,55	 208	 158	 Yes	
	














































It	 has	 an	 extensive	 library	 of	 elements	 to	 choose	 from.	 Every	 device,	 machine	 and	
apparatus	used	in	the	laboratory	is	available	in	Matlab	in	the	form	of	blocks.	These	blocks	
have	 several	 parameters	 that	 one	 must	 know	 in	 order	 to	 make	 it	 functional	 in	 the	
desirable	way.	
	












can	 be	 used	 as	 squirrel	 cage	motor	 or	 wound	 rotor	motor.	 It	 has	 three	 inputs	 to	
connect	the	wires.	It	also	has	an	input	to	introduce	the	counter-torque	(Tm)	which	is	


























Other	 parameters,	 such	 as,	 mutual	 induction	 and	 inertia	 cannot	 be	 found	 in	 the	
technical	specifications	nor	can	be	calculated.	According	to	the	Jesús	Fraile	Mora	in	his	












































































































cage	 motor)	 and	 three	 for	 motor	 no.2	 (wound	 rotor	 motor).	 In	 order	 to	 do	 a	 visual	
































































Test	no.	 	 Test	 Simulation	
5	 Vp	(V)	 228	 227	
	 t	(ms)	 1060	 800	
	 I	(A)	 0.63	 1.2	
7	 Vp	(V)	 200	 218	
	 t	(ms)	 432	 500	
	 I	(A)	 0.7	 1.2	
30	 Vp	(V)	 296	 295	
	 t	(ms)	 600	 550	
	 I	(A)	 0.7	 1.1	
32	 Vp	(V)	 248	 160	
	 t	(ms)	 500	 300	
	 I	(A)	 0.82	 1.4	
		
54	
34	 Vp	(V)	 208	 120	
	 t	(ms)	 160	 130	



















































be	 seen.	 Before	 turning	 the	 power	 off	 the	 RMS	 value	 of	 voltage	was	 constant.	 After	






world	 testing	 can	 be	 a	 product	 of	 many	 unforeseen	 factors	 and	 reasons.	 The	 most	









After	 many	 hours	 of	 laboratory	 testing	 and	 simulation,	 it	 is	 clear	 that	 the	 capacitive	
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